Research on animal personality can be approached from both a phenotypic and a genetic perspective. While using a phenotypic approach one can measure present selection on personality traits and their combinations. However, this approach cannot reconstruct the historical trajectory that was taken by evolution. Therefore, it is essential for our understanding of the causes and consequences of personality diversity to link phenotypic variation in personality traits with polymorphisms in genomic regions that code for this trait variation. Identifying genes or genome regions that underlie personality traits will open exciting possibilities to study natural selection at the molecular level, gene -gene and gene -environment interactions, pleiotropic effects and how gene expression shapes personality phenotypes. In this paper, we will discuss how genome information revealed by already established approaches and some more recent techniques such as high-throughput sequencing of genomic regions in a large number of individuals can be used to infer microevolutionary processes, historical selection and finally the maintenance of personality trait variation. We will do this by reviewing recent advances in molecular genetics of animal personality, but will also use advanced human personality studies as case studies of how molecular information may be used in animal personality research in the near future.
INTRODUCTION
Individuals in many animal species differ consistently in suites of behavioural traits (Réale et al. 2007; Gosling 2008 ), comparable to how humans differ in personality ( John et al. 2008) . Personality can be seen as an emergent phenomenon, where consistent variation in behavioural expression becomes apparent through the reaction to mild challenges. More broadly, animal personality is defined as a suite of individual differences in behaviour that are consistent over time or contexts (Sih & Bell 2008) . Quantitative genetic studies have found that between 20 and 50 per cent of the phenotypic variation in animal personality traits has a genetic basis (Van Oers et al. 2005; Van Oers & Sinn in press), whereas the residual irreversible and reversible phenotypic variance are assigned to development and learning (e.g. Quinn & Cresswell 2005; Arnold et al. 2007; Brydges et al. 2008) . Personality is found to be an important factor influencing fitness (Smith & Blumstein 2008) and personality traits are known to be under natural (Réale et al. 2007 ) and sexual selection . One of the main questions that still remains unresolved is why variation in personality exists and how this is maintained. A process known to actively maintain genetic polymorphism is balancing selection (Turelli & Barton 2004) . Different forms of balancing selection are considered to maintain variation in personality traits (Penke et al. 2007) . For example, overdominance and antagonistic pleiotropy are examples of genetic mechanisms that cause selection to be balanced (Roff 1997) . Antagonistic pleiotropy signifies that genetic variants have a positive effect on one trait, but a negative effect on another trait (Roff & Fairbairn 2007) , often resulting in trade-offs. However, molecular processes alone are not enough to explain maintenance in trait variation. Therefore alternatives such as spatial and/or temporal environmental heterogeneity and frequency-dependent selection may also contribute to balancing selection (Dall 2004) .
Knowledge of the molecular mechanisms underlying personality traits will help us in answering questions regarding the origin of, correlations between, micro-evolutionary processes behind and historical selection on personality traits, and finally the maintenance of variation in personality (see also Bell & Aubin-Horth 2010) . Although molecular genetic research on animal personality is still in its infancy, the development of new methodology might bring us a big step further in pinpointing the actual genes that are responsible for consistent variation in and correlations between behavioural traits. In this paper, we will highlight how recent advances in molecular genetic techniques can help us in studying molecular genetic variation in personality traits from an ecological and evolutionary viewpoint. Our aim is to show that investigating genetic variation, the basis for evolutionary change, not only helps to unravel the constraints and physiological mechanisms underlying personality variation, but can also help us to study the evolution of behavioural syndromes and personality traits.
IDENTIFYING GENOMIC VARIATION UNDERLYING PERSONALITY
There are two general strategies to pinpoint the regions of the genome that are of interest for complex traits such as personality traits. First of all there are hypothesis-free scanning approaches, like genome-wide quantitative trait locus (QTL) or association-mapping, where linkage or association is tested between variation in genomic polymorphisms and variation in the trait of interest (Slate 2005) . Depending on marker density and recombination history of the sample, regions can be identified that cover from a single gene to several hundreds of genes. A hypothesis-driven and non-mutually exclusive approach is the candidate gene approach. Here, information from other species or behaviours is used to specifically test for associations between polymorphisms in candidate genes and personality traits (Comings et al. 2000; Savitz & Ramesar 2004) .
(a) Genome-wide approach Genome-wide approaches provide us with unbiased methods to identify genes related to personality traits. Until recently, obtaining large-scale genomic data has been a limiting step for the progress of these approaches on non-model species. However, new high-throughput genomics technologies such as next-generation sequencing techniques have now hugely decreased the unit time and cost of obtaining sequence data in ecologically important species (Ellegren 2008a,b; Mardis 2008) .
(i) QTL mapping QTL mapping is based on the presence of individual phenotypic data in a pedigreed population and individual genotypic data of genetic markers that are distributed over the whole organism's genome (Slate 2005) . The results from these analyses are then used to infer the genetic architecture underlying the trait of interest (Erickson et al. 2004) . QTL analysis of genetic markers usually results in a candidate chromosomal region linked to the phenotype covering several dozens to hundreds of genes. Subsequently, this region is narrowed based on haplotype sharing or the identification of more polymorphic markers at these specific QTL sites. Here positional or functional candidate genes are identified for further genetic studies with the aim of identifying those loci that are of major importance for phenotypic trait variation. In other words, QTL analysis can be seen as a linkage (co-segregation) analysis that is based on pedigree information (one or many pedigrees from natural populations or crossing experiments). Mapping populations consist either of inbred line crosses, crosses between outbred populations or natural populations with known pedigree structure (Lynch & Walsh 1998; Slate 2005 ).
To give an example from human genetics, Gillespie et al. (2008) measured the three Eysenckian personality domains in a population of 1280 adolescent Australians. These individuals consisted of 82 monozygotic and 421 dizygotic twin families with their offspring genotyped at 757 microsatellite markers. In a multivariate variance components analysis, they found links between the three Eysenck personality traits (extraversion, neuroticism and psychoticism) and genomic regions that included the serotonin receptor (HTR2a) and the ADHD4 genes.
QTL studies on animal personality traits have mainly been limited to studies on rodents using controlled crosses between lines or strains (e.g. Gershenfeld et al. 1997; Hovatta & Barlow 2008) . More recently, personality has also been found to be an important factor influencing animal wellbeing in farm animals (Koolhaas et al. 2001; Christiansen & Forkman 2007; Rodenburg et al. 2008 ), leading to behaviour genetic studies identifying QTLs for behavioural traits in livestock. For example, Gutierrez-Gil et al. (2008) identified 29 QTL regions in a cross between two cattle populations measured for flight distance and social separation. In total, these regions explained only a small fraction of the phenotypic variation, ranging from 4 to 8 per cent. The most notable candidate gene found in one QTL region, located at the distal end of chromosome 29, was the dopamine receptor D4 (DRD4) gene (see below), showing that DRD4 is probably one of the most important genes involved in variation of personality traits, in this case flight distance to a human approacher. Slate (2005) published a timely review of the prospects for QTL studies in natural populations. This paper provides a good guideline of what techniques can be used to perform QTL studies with non-model organisms, in the context of ecological and evolutionary issues. For most species for which personality data have been collected in natural populations, advances have been hampered by the lack of pedigree information as well as the lack of sufficient numbers of markers to be able to construct genetic maps. Animal models that use complex pedigrees to estimate genetic parameters (Kruuk 2004 ) are now also used in personality studies on natural populations (Quinn et al. 2009 ). Moreover, genomic polymorphism data for high-quality genetic maps are now becoming available for many non-model species. A whole-genome linkage map of the zebra finch Taeniopygia guttata based on about 2000 single-nucleotide polymorphism (SNP) markers has been constructed (Backström et al. 2010) , and tens of thousands of SNPs have been identified for the great tit Parus major (Van Bers et al. 2010) , to name just two dominant bird species used in personality research over the last two decades. QTL and association studies in natural populations therefore come within reach.
(ii) Association studies Genome-wide association (GWA) studies use highthroughput genotyping technologies to assay the variation in several hundreds of thousands of SNPs and relate them to the trait of interest (Risch 2000; de Bakker et al. 2005 ). An important difference with QTL studies is that association studies use population-based data with abundant recombination history and thereby have the potential to fine-map the functional genomic region or to localize the functional polymorphism itself. This allows the direct identification of 'genes' with potentially known function in model species that are causing variation in the trait of interest. Up to now, GWA studies related to personality are rare and have only been conducted on humans (De Moor et al. 2009 ). The first GWA study on all five human personality factors (i.e. neuroticism, extraversion, openness to experience, conscientiousness and agreeableness) used a sample of 3972 individuals from an isolated population on Sardinia, Italy that was genotyped on 362 129 SNPs (Terracciano et al. 2008) . A few of the most promising SNPs that were identified per factor successfully replicated in two other independent samples. The authors highlight two important conclusions that can be drawn from this pioneer study. First, personality traits are influenced by many genes that each explain only small amounts of variation (1 -2%) and these polymorphisms are only identified when sample sizes are large enough. Second, genetic effects are most probably found when specific phenotypes are measured, rather than when pooled together into broader factors or principal component analysis (Terracciano et al. 2008) . Behavioural patterns, like boldness or risk-taking behaviours, should therefore be broken down into smaller individual behaviours. This issue points back to one of the challenges in behaviour genetics-the definition and quantification of behaviour (Sokolowski 2001) . This second point might especially be of great interest to animal personality researchers since it could indicate that specific genes play a role in determining variation in single personality traits, but additional genes modify the correlations among traits.
The fact that GWA studies are mostly limited to human personality studies is caused by the high number of individuals and markers needed for these kinds of analyses. With decreasing sequencing and genotyping costs, these methods will become available for the non-model species with which ecologists and evolutionary biologists work in the near future. Especially when groups combine their efforts in consortia, developing arrays and chips of SNPs and other polymorphisms, GWA studies on personality traits in natural populations become feasible. Whether GWA studies will make other approaches, such as candidate gene approaches, superfluous in the future, remains uncertain. For example, GWA studies often make use of polymorphisms with high minor allele frequencies (MAF), and they will therefore not pick up possibly important genes with lower MAF (Wilkening et al. 2009 ).
(b) Candidate gene approach A major advantage of studies on the genetic basis of personality differences in natural populations is that candidates for trait loci can be nominated on the basis of knowledge of similar phenotypes in model species such as humans, domestic fowl or mice, thus circumventing the tedious process of unprejudiced genome-wide approaches. Candidate gene studies require little prior sequence information and are therefore well suited for evolutionary analyses in natural populations of non-model species (Fitzpatrick et al. 2005) .
In humans, among the most probable genetic candidates for personality variation are various polymorphisms within the DRD4 gene and the serotonin transporter gene (SERT; Savitz & Ramesar 2004) . Polymorphisms within the DRD4 gene have been found to account for about 3 per cent of the variation in novelty seeking in humans (Munafo et al. 2008b) . Studies looking at SERT have found a relationship between a polymorphism in a regulatory sequence for this gene and anxiety-related traits (Eley & Plomin 1997; Gordon & Hen 2004) . However, the evidence for an association is inconsistent when slightly different measures of the trait (harm avoidance, neuroticism, etc.) are used ). The SERT gene might nevertheless play a role in anxiety but its effects might be rather subtle, for example, on amygdala reactivity, which mediates anxiety only under certain circumstances (Munafo et al. 2008a ). Other, not so well-studied genes with possible effects on variation in personality include the monoamine oxidase A gene, the dopamine receptor D2 gene, the serotonin receptor genes 5-HT2c and HTR2a, and the tyrosine hydroxylase gene (reviewed in Savitz & Ramesar 2004) .
Several studies on non-human animals have looked at the relation between personality traits and the candidate genes identified in human studies. An association between exploratory behaviour and the DRD4 homologue has been detected in species ranging from apes (Shimada et al. 2004 ) to dogs , fish (Boehmler et al. 2007 ) and birds (Fidler et al. 2007 ). In the latter, Fidler et al. (2007) found that great tits artificially selected for divergent levels of exploratory behaviour differed in the allele frequency of an exonic SNP in the DRD4 gene. This association was confirmed in a natural population, where the levels of exploratory behaviour differed for birds with different genotypes (Fidler et al. 2007 ). This suggests that the association between DRD4 and this facet of personality is very general across vertebrates. However, when tested across samples of four different great tit populations, the association was significant in only one sample with an estimated effect size of around 5 per cent (Korsten et al. 2010 ). This could indicate that the DRD4 polymorphism is only linked to the functional variant in some but not all populations, or that the association is dependent on the environment or other population-specific characteristics (Korsten et al. 2010) .
Using the candidate gene approach is accompanied by some challenges. First, complex traits like personality traits are expected to be influenced by numerous genes, most of them having only small effects. The approach is therefore always biased towards genes with higher effect sizes. Secondly, most genes are expected to be involved in epistatic interactions.
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The genetic background in natural populations is, however, variable and this might make the detection of single-locus associations complicated. Genomic regions that are more important in interaction with other loci will therefore only be detected by advanced analysis methods in random scans of the whole genome (Reif & Lesch 2003; Cordell 2009 ). Thirdly, there is a general difficulty of replication of results and there are often population differences in the associations. These difficulties may partly be due to the generally small effect sizes of genetic polymorphisms influencing complex traits. These challenges are, however, no reason to neglect candidate gene approaches as a starting point, but highlight that only efforts combining these with genome-wide approaches are effective in revealing the genetic architecture of personality.
USE OF GENOME INFORMATION FOR EVOLUTIONARY STUDIES ON PERSONALITY TRAITS
In this section, we will describe how genome information can be used to highlight the evolutionary forces that currently act or historically have acted on personality variation, and how we can use genome information to study between-population and between-species differences in personality.
(a) Evolutionary history of genetic personality correlates Identifying genes or genomic regions influencing personality trait variation represents a first step in describing the genetic architecture of personality. Investigating the historical and potential future evolutionary dynamics of the identified genomic region is an important second step towards understanding the evolution and maintenance of personality variation. With evolutionary dynamics or evolutionary history, we indicate the time path since the establishment of the functional polymorphism. This encompasses the selective forces that have acted on the functional polymorphism and its linked markers.
There are basically two different ways to analyse the evolutionary dynamics of personality traits: (i) investigating correlations between fitness measures and personality variants or genotypes underlying these variants; (ii) analysing the genomic region that was found to be associated with personality variation in terms of genetic structure, genetic diversity patterns and footprints of selection. The first approach will give an idea about the current fitness consequences and potential future evolutionary trajectories of different personality variants, and is ideally performed across major environmental clines for the species under study, because of an expected interactive effect between genotype and environment upon fitness (Van Oers et al. 2005; Ellegren & Sheldon 2008 ; for a review see Dingemanse et al. 2010a,b) . The second approach allows estimation of the selection history and the age of the underlying genetic variants within the associated genomic region and provides an idea of the origin and selective forces that have shaped personality trait variation in the past. In the following, we will describe the second approach in the context of personality research.
After genetically mapping a behavioural trait, one is often confronted with the fact that not only a single genetic polymorphism (marker locus) is found to be associated with the trait of interest, but rather a couple of adjacent polymorphisms show similar strengths of association (Ioannidis et al. 2009 ). This is mostly owing to linkage disequilibrium among the loci in the genomic region under study. In order to delineate the associated genomic region and to perform tests for selection (see below), it is important to analyse the genetic variation of all loci surrounding the associated markers up to a distance where linkage disequilibrium decreases to a negligible level. The best way to capture all genetic variation in a genomic region without missing rare variants is sequencing all alleles in the whole region with novel techniques enabling highthroughput sequencing in large population samples. Methods such as parallel tagged sequencing (Meyer et al. 2008) or array capture approaches (Hodges et al. 2009 ) are suitable to produce a high number of target sequences in population samples. Moreover, sequencing has the advantage over genotyping each marker separately of directly resulting in haplotypes, where allelic phase of a large number of neighbouring loci is known. This supersedes error-prone phase estimation by population-based methods and leads to precise linkage disequilibrium estimates and more reliable haplotype gene tree reconstructions.
Knowing the linkage disequilibrium structure can help to assess the recombination history of a genomic region (Mueller 2004) . Along with modelling approaches to estimate recombination rates (McVean et al. 2002; Li & Stephens 2004) , genomic fragments can be identified, which are largely free of historical recombination. Such fragments can be seen as evolutionary units where all loci on them share the same phylogenetic history. Reconstructing the phylogenetic relationship of all haplotypes within recombinationfree fragments, and the comparison between such reconstructed trees, has the potential to infer the selection history (Bamshad & Wooding 2003) . For instance, more than one distinct and diverse haplotype group with common haplotypes in each would indicate long-lasting balancing selection, whereas a single (or less diverse) common haplotype distantly related to the remaining diverse haplotype group would indicate recent directional selection on this outlier haplotype (figure 1).
Other tests for selection are based on allele frequency or haplotype frequency spectra. There is a tendency for an excess of intermediate-frequency polymorphisms and, hence, positive Tajima's D (Tajima 1989 ) after long-lasting balancing selection. However, a signal of a recent strong increase in allele frequency (positive directional selection) may still be visible if at least one allele in a balanced polymorphism is young (shorter than expected neutral coalescent time). All scenarios of positive selection are likely to lead to the well-explored footprints of selective sweeps (for reviews see Anisimova & Liberles 2007; Jensen et al. 2007; Thornton et al. 2007) . Since the locus that is associated with behavioural trait variation is still polymorphic, and its alleles have not yet reached fixation, we expect to observe the pattern of a partial sweep. Using variants of the long-range haplotype test (Sabeti et al. 2002; Mueller & Andreoli 2004; Voight et al. 2006) or tests based on the haplotype frequency spectrum (Watterson 1978; Depaulis & Veuille 1998; Zeng et al. 2007) , the footprint of a partial sweep can be detected with high power. Methods that model the genetic differentiation between subpopulations can also be used to detect loci under directional selection and, to a lesser extent, loci under balancing selection (Beaumont & Balding 2004) .
The DRD4 gene is certainly the best explored personality gene in terms of evolutionary dynamics. In humans, a 48 bp tandem repeat polymorphism in exon 3 of the DRD4 gene is reported to be associated with both novelty seeking behaviour and attention deficit/hyperactivity disorder in several sampled populations (Ebstein et al. 1996; Savitz & Ramesar 2004) . A meta-analysis did not find a significant overall effect of the tandem repeat polymorphism on approach-related traits, but rather between-study heterogeneity (Munafo et al. 2008b) . It has often been argued that such heterogeneity is based on gene Â environment interactions or populationspecific epistatic effects ). In significant studies, often, the second most frequent allele of the DRD4 tandem repeat locus, the 7R allele, is associated with higher levels of novelty seeking (Savitz & Ramesar 2004) . There is, however, strong geographical variation in the frequency of the 7R allele, indicating an adaptive value of this allele. East Asians generally possess low proportions of 7R alleles (1% or less), most African, native North American and European populations have intermediate frequencies (around 20%), whereas South American Indians can have high proportions (up to 78%; Chen et al. 1999) . This pattern has been associated with population migration distances in prehistoric times. Across six different migration routes, the populations that remained near their putative origins showed a lower proportion of 7R alleles than those that migrated farther away (Chen et al. 1999) . It was argued that increased exploratory behaviour is adaptive in migratory societies because it allowed for more successful exploitation of resources in the novel environments (Chen et al. 1999) .
The adaptive value of the 7R allele in prehistoric migration is in line with the interpretation that the 7R allele originated as a rare mutational event, and increased to high frequency by positive selection in some populations (but see Wang et al. 2004; Hattori et al. 2009 ). It is hypothesized that the 7R allele arose from the most common 4R allele by multiple low probability steps of mutation and recombination (Ding et al. 2002) . Strong linkage disequilibrium between the 7R allele and surrounding DRD4 polymorphisms indicate the relative young age of the 7R allele in comparison to the other major alleles (4R and 2R). A comparison of the intra-allelic variability estimates the age (of the most recent common ancestor) of the 7R alleles at about 45 000 years (Wang et al. 2004) . Moreover, the site frequency spectrum of extended 7R haplotypes indicates historical positive selection (Wang et al. 2004) . By contrast, the ancestral 4R haplotypes have the fewest amino acid changing variants, implying purifying selection (Ding et al. 2002) . Interestingly, the overall site frequency spectrum across all haplotypes and the fact of geographically dependent high frequencies of 2R, 4R and 7R alleles are consistent with a balanced selection system (Wang et al. 2004) . Such multi-allelic adaptive genetic variation is probably common. Its detection would only require allele-specific analyses of selection (see also Pitcher & Neff 2006) .
(b) Genetic covariation between personality traits Estimates of genetic correlations are fundamental to understand the evolution of behavioural constructs like personality or behavioural syndromes. As known from quantitative genetic studies, heritabilities of and therefore genetic correlations between personality traits may vary across different environments (Dingemanse et al. 2010a,b; Van Oers & Sinn 2010) . The underlying molecular mechanisms behind these genetic correlations are mostly unknown. A QTL mapping study on chickens found that variation in feather pecking (FP) behaviour of juveniles was not explained by the same QTLs for the same behaviour as adults (Buitenhuis et al. 2005) .
A QTL for open-field behaviour in juvenile chickens did match the one for adult FP behaviour, indicating the presence of closely linked genes for open-field behaviour in young laying hens and FP in adult laying hens (Buitenhuis et al. 2005) . Although direct evidence is scarce, there are, however, some ideas about the genetic architecture of complex traits. Recent GWA studies revealed many associated loci at potentially regulatory sites with small effects and only a few loci, often at coding regions, with moderate effects (Flint & Mackay 2009) . As the causal link between a genetic variant and behavioural variation is mediated by a network of coregulated genes and physiological processes, pleiotropic effects of single genes are likely to be the rule rather than the exception (Weiss 2008; Flint & Mackay 2009 ). Similar pleiotropic effects at many loci in a genetic network could produce the genetic covariation as seen in behavioural syndromes. However, more plausible seems to be the existence of a few 'master genes' orchestrating the covariation of behavioural traits (see also Aubin-Horth et al. 2009 ). Such strong effects postulated for master genes have been observed as epistatic interactions and suggest pervasive non-additive effects among loci (Shao et al. 2008) . There are concepts that such hidden genetic variation is released in response to selection owing to environmental dynamics (Le Rouzic & Carlborg 2007) . One might hypothesize that these sometimes hidden epistatic effects underlie the covariation between personality traits and its variation across different environments.
(c) Comparative genomics Studies have started to compare phenotypic (Bell 2005; Dingemanse et al. 2007 ) and molecular genetic (Korsten et al. 2010) variation in personality between natural populations. Differences in trait values between individuals within a population are supposed to have the same value as differences in trait value between populations, permitting a direct comparison among the relative trait values of individuals to one another. A very interesting but challenging next step is to perform comparisons across species with different phylogenies, ecologies and social systems (Uher 2008) . The diversity across species would on the one hand be the motivation to undertake multiple species comparisons, since this might inform us about the evolutionary trace of personality variation. On the other hand, this also entails particular challenges in methodology and some caution is required when comparing the same behavioural test conducted on different species or populations. Species may exhibit different or even unique personality traits and the behavioural response towards a standardized challenge may be speciesspecific. Hence, it is hard to distinguish whether trait variation between two species is caused by variance within a trait, differences in trait expression, or because one is simply measuring two different behavioural traits.
Several behavioural approaches have been suggested to compare personality traits of different species, mostly based on factor analyses within species (Capitanio 2004) . A novel solution was presented by Uher (2008) , where she introduced a bottom-up approach to characterize and compare personalities of different species. All observable behaviours naturally occurring in a species are thereby measured and grouped into units of behaviours that belong to a certain situation. These units are then reduced by merging all those that represent similar behavioural traits measured in different situations. Repeatable units or domains are then reserved and form the species-specific personality structure (Uher 2008 ). However, a great drawback for studies interested in the evolutionary background of personality are the practical limitations, since for most species it is often impossible to measure all behaviours in detail on a large enough sample set (Van Oers 2008) .
An alternative way around the difficulty of measuring species differences in personality traits is the use of comparative genomics (see also Bell & Aubin-Horth 2010) . It is increasingly recognized that comparative genomics, where sequences from two or more species are aligned and compared, is a powerful tool for detecting regions that evolve under negative, positive or balancing selection, indicative of functionality. By examining genome sequences from multiple species, comparative genomics offers new insight into genome evolution and the way natural selection moulds DNA sequence evolution (Ellegren 2008b) . Adaptive evolution can be inferred from, for example, protein-coding sequences showing an increased rate of non-synonymous substitutions in divergence compared with presumed neutral sequence data, or a high frequency of derived alleles (Mitchell-Olds et al. 2007) .
Only genetic sites that show signs of adaptive evolution in genomic comparisons between species and are still polymorphic within at least one of the species are interesting for studies on personality variation. Genetic regions that show adaptive signatures in comparative studies can still be polymorphic when the selective sweep is very recent or when a balancing selection process maintains the genetic variance. This specific point has been discussed in more detail by Penke et al. (2010) for SNPs within the ADRB2 gene, which is associated with cognitive ability. A derived allele that was under positive selection in a human -chimpanzee comparison had gone to fixation in some human populations, though the ancestral allele had been shown to be of positive effect at later age. This was not the case in a Scottish population, where the protective effects on old-age cognitive ability were high enough to maintain the genetic variability (Penke et al. 2010) . In the long run, antagonistic pleiotropic trade-offs that involve such polymorphisms under positive selection are likely to be evolutionary unstable (Roff & Fairbairn 2007) . The general appearance of many personality domains in various species therefore indicates that personality polymorphisms are under some form of balancing selection.
Apart from comparing polymorphisms within candidate genes between species (see above), a next step could be to use cross-species QTL concordance as a tool for QTL dissection. This technique is, for example, used with mouse emotionality and human neuroticism (Willis-Owen & Flint 2007; Fullerton et al. 2008 ), but could also be used for comparing QTL results from model species with non-model species. A possible limitation of this method is that it seems likely that the genetic determinants of traits may not have been flawlessly preserved throughout evolution (Willis-Owen & Flint 2007) , and it is therefore to be expected that the number of loci to be found will be highly dependent on the genetic distance of the two compared species. Comparative genomics might thereby be of help to identify general rules and patterns across species without possessing the difficulties of comparative behavioural measurements. This is true for the genetic basis of variation in the personality traits themselves, but also for the genetic correlation among these traits.
OUTLOOK
Studies on animal personality traits within the field of molecular genetics and genomics now need to make the step to natural populations. While this was already feasible for studies using candidate genes, this now also comes within reach for genome-wide mapping studies. Compilations of polymorphisms are currently built up for natural populations of several non-model species and will serve as a basis for linkage and association studies. With these tools more and more functional polymorphisms will be detected. The detection and evolutionary analysis of genomic loci associated with personality traits will certainly lead to an understanding of why personality variation in natural populations is maintained and why genetic correlations are present in some cases and not in others. The subsequent comparison of evolutionary trajectories across different populations and species will be informative for the analysis of personality evolution under different ecological settings.
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